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ON THE EXISTENCE AND STABILITY OF LIQUID WATER ON THE
MARTIAN SURFACE
By Justin.Thompson
Department of Chemistry
Faculty Mentors: Derek Sears and Paul Benoit
Department of Chemistry and Bio-Chemistry
Abstract
Present-day Mars is thought to be a frozen desert on which liquid water is not
likely to be found. The prevailing assumption has been that due to average temperatures
below 273 K and atmospheric pressures at or below water's triple-point vapor pressure
of 6.1 mbar, the existence of liquid water as an equilibrium phase at or near the surface
is impossible at the present epoch. However, there is substantial evidence that liquid
water has existed in the past and may presently still exist on or directly below the
Martian surface. I conducted simulation experiments in the Andromeda planetary
environmental chamber in order to investigate the stability of water under Martian
conditions and its possible role in the subsequent formation of surface features on Mars.
Results indicate it is possible for liquid water to exist in a metastable phase on the
Martian surface for a time of weeks to months.
Literature Review
Present-day Mars is thought to be a frozen desert on which liquid water is not
likely to be found. The prevailing assumption has been that due to average temperatures
below 273 K and atmospheric pressures at or below water's triple-point vapor pressure of
6.1 mbar, the existence of liquid water as an equilibrium phase at or near the surface is
impossible at the present epoch.
However, there is substantial evidence that liquid water has existed in the past
and may presently still exist on or directly below the Martian surface. The evidence
comes from geological features seen on the surface of the planet and in Martian
meteorites, geochemical analyses of Martian meteorites, and data returned from
spacecraft which indicate the presence of ice at near surface levels of the Martian regolith
(1, 15). Also, evidence for circulation of liquid water within the present Martian
atmosphere has been observed (20).
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Figure 2: The surface of Mars as seen by the
Mars Viking Lander.
(mars.jpl.nasa.gov/odyssey)

Figure 1: A global view of Mars as seen by
Mars Global Surveyor. (www.msss.com)

Surface features observed in the recent Mars Global Surveyor and Mars Odyssey
missions have given great insight into the possibility of the presence of liquid water on
Mars throughout the planet’s history as well as the possibility that near surface liquid
water may still exist today. These relatively young features, the Martian gullies (15) and
dark slope streaks (19) are thought to have been formed by processes involving liquid
water.
The discovery of Martian gullies by the Mars Orbiter Camera (MOC) on board
the Mars Global Surveyor since March 1999, suggests the presence of liquid water at
shallow depths beneath the Martian surface (Figure 3). Martian gullies are thought to
display geomorphic features that can be explained by processes associated with
groundwater seepage and surface runoff, because Martian gullies are similar in size,
shape, and appearance to gullies on Earth carved by liquid water (Figure 4). Martian
gullies are found at middle and high latitudes, particularly in the southern hemisphere
(Figure 5). Gullies are found within the walls of impact craters as well as along the walls
of valleys. Also, there is substantial evidence that the relative age of Martian gullies is
quite young (~ 1Myr), namely lack of impact craters on gully surfaces and by the
superposition of the gullies on otherwise geologically young features and by the absence
of superimposed landforms or cross-cutting features, such as ground polygons and
aeolian dunes.
Although previous thought was that Martian gullies are not actively forming on
the present day Martian surface, recent evidence suggests suggest melting snow is the
likely cause of formation. It has been suggested that trickling water from melting snow
packs, not underground springs or pressurized flows, as had been previously suggested, is
the main agent in the formation of the Martian gullies.
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Figure 4: A comparison of the characteristics of
Martian gullies to gullies formed on Earth, aerial
view at top right. (www.msss.com)

Figure 3: Martian gullies in crater in Newton
Basin located near 42.4°S, 158.2°W.
(www.msss.com)

Figure 5: Simple cylindrical equal angular map of Mars (centered on 0° latitude, 0° longitude) showing
locations of gully landforms. (www.msss.com) (15)

3
Published by ScholarWorks@UARK, 2003

3

Inquiry: The University of Arkansas Undergraduate Research Journal, Vol. 4 [2003], Art. 24
INQUIRY Volume 4, 2003
Justin Thompson: Liquid Water on the Martian Surface 4

Dark slope streaks, first sighted in Viking images and observed in greater detail
by Mars Global Surveyor, are believed to be surface features currently forming on the
Martian surface by aqueous processes (Figure 6, 7). The dark slope streaks are
concentrated around Olympus Mons, a Martian volcano, in the region from 90W to
180W longitude and 30S to 30N latitude (17, 19). Dark streaks are typically 10 meters to
60 meters wide and 300 meters to 1500 meters long (17). The dark streaks are observed
to always appear on slopes inside craters, valleys, and small hills. They are preferentially
located above Martian sea level (zero elevation) (17). The slope streaks occur in clusters
of parallel streaks, with the streaks originating from a common origin within a rock layer.
Most notably, slope streaks exhibit identical dispersive patterns to that of liquid water
flowing downhill. Slope streaks are perceived to be among the youngest of all Martian
surface features, due to lack of cratering and the observation that they overlay very young
surface features, namely dunes and crater ejecta. It has been visually observed in MOC
images of the same location that new dark streaks are currently appearing on the Martian
surface (17) (Figure 6). New streaks have been observed to form in time periods as short
as six months (19). In general, slope streaks are thought to be the result of mass
movement, such as dry avalanches or wet debris flows (19). However, it has been
suggested that slope streaks are possibly the result of liquid water seeping out onto the
Martian surface (17).

Nov 22, 2000

May 17, 2001

Figure 6: Images taken of the same location by MOC revealing the formation of a new slope streak. MOC
images SP2-37303 and E02-02379. (www.msss.com) (17)

4
https://scholarworks.uark.edu/inquiry/vol4/iss1/24

4

Thompson: On the Existence and Stability of Liquid Water on the Martian Sur
INQUIRY Volume 4, 2003
Justin Thompson: Liquid Water on the Martian Surface 5

Figure 7: Dark Slope streaks emanating from a common rock layer. MOC images SP2-51603 and E0201778. (www.msss.com)

Geological features seen in Martian meteorites have provided further evidence
that liquid water has existed on the Martian surface. Martian meteorites contain
weathering products, produced when liquid water was present, filling cracks and voids in
the rock. These include carbonate deposits at levels of several per cent in ALH 84001 as
well as trace amounts of carbonates and the mineral iddingsite in several other meteorites
(5, 18, 22). Detailed microstratigraphy shows that these deposits were present in the
rocks while on the Martian surface, providing direct evidence that liquid water circulated
through the Martian crust (5,18).
Indirect geochemical evidence for the existence of liquid water in the Martian
crust comes from measurements of various isotope ratios within these weathering
products. They contain enhanced D/H, 13C/12C, 15N/14N, and 38Ar/36Ar ratios (18).
Enhancement of each of these ratios is best explained as having resulted from
atmospheric processes involving preferential escape of lighter isotopes into space. This
requires that these gases once resided in the atmosphere, were left behind as a residue of
those lost to space, and were subsequently incorporated into the Martian crust.
Circulation of groundwater between the surface and the crust provides the best means for
exchanging of these gases (12, 18, 22).
The most important evidence to date as to the existence of liquid water on the
Martian surface is the discovery of high concentrations of hydrogen in Mars’ Polar
Regions by the Gamma Ray Spectrometer (GRS) on board Mars Odyssey spacecraft (1).
GRS is comprised of three instruments designed to analyze the chemical composition of
the Martian surface: a Gamma subsystem, the Neutron Spectrometer, and the High
Energy Neutron Detector (HEND).
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Figure 8: Mars Odyssey in mapping configuration. (mars.jpl.nasa.gov/odyssey/)

GRS functions by looking at identifiable signatures of energy, in the form of
gamma rays, coming from chemical elements existing in the Martian surface. Gamma
rays and neutrons are produced by incoming cosmic rays colliding with atoms in the soil.
When atoms are hit with such energy, neutrons are released, which scatter and collide
with other atoms. The atoms are excited in the process, and must emit characteristic
gamma rays in order to de-excite (Figure 9). The rate of gamma ray emission is directly
related to the abundance of a specific element. The HEND and Neutron Spectrometers on
GRS directly detect scattered neutrons, and the Gamma Sensor detects the gamma rays.
By measuring neutrons, it is possible to calculate the abundance of hydrogen on
Mars, thus inferring the presence of water. The neutron detectors are sensitive to
concentrations of hydrogen in the upper meter of the surface. Since hydrogen is most
likely present in the form of water ice, the spectrometer will be able to measure directly
the amount subsurface ice within the Martian regolith and its distribution.
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Figure 9: Diagram of gamma ray and neutron production. (mars.jpl.nasa.gov/odyssey/)

Data from GRS indicates that an abundance of hydrogen varies widely, the
highest concentrations occurring poleward of approximately 60N and 60S, and are
interpreted to indicate the presence of subsurface water ice, on the basis of the specific
patterns of neutrons detected and the spatial correlation to regions where ground ice has
been predicted to be stable (1)(Figure 10). However, the Mars Odyssey instruments only
measure hydrogen, and thus cannot distinguish between water ice-bearing hydrated
minerals and OH bearing minerals. Data indicates that the upper meter of the Martian
regolith consists of 20% to 35% ice by weight (1). Details of the thickness of the ice
layer are limited by the ~1 meter sensing depth of the neutron instruments. However,
separate lines of evidence suggest loose, and/or porous regolith that could exceed a
kilometer or more in thickness, thus allowing for a large volume of water ice beneath the
Martian surface.
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Figure 10: Normalized fluxes of neutrons and H gamma rays versus latitude. The data are averaged over
longitudes 90° to 210°E. These longitudes were chosen to be as far as possible from the residual CO 2 cap in
the south, which could have a major effect on the flux of thermal neutrons, similar to that observed in the
north due to the seasonal CO2 frost. The increase in H gamma-ray emission south of about -45° is clearly
evident, as is an enrichment in the north. The enrichment in the north does not continue to the pole because
the north polar region is currently covered by a thick seasonal CO2 cap. Note the anticorrelation between
the H gamma-ray flux and the epithermal neutron flux. (1)

Figure 11: Map of epithermal neutron flux from the Neutron Spectrometer. Low epithermal flux is
indicative of high hydrogen concentration (8). Contours (in white) are shown of the regions where water ice
is predicted to be stable at 80 cm depth (21) (no predictions were made poleward of 60° latitude because no
data on thermal inertia were available). Note the correlation between regions of predicted ice stability and
the low epithermal flux. The only exception is the small closed region of predicted ice stability, which is
not observed in the epithermal neutron flux. (1)
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It has been observed that Mars has water as ice in the polar caps and as vapor in
the atmosphere. The atmosphere often contains enough water to be saturated at nighttime
temperatures. Frost, presumably from the circulation of liquid water within the
atmosphere, was observed on the ground at the Viking 2 Lander site at 48°N and
presumably forms at other high-latitude sites as well (20) (Figure 12). However, water as
liquid on the surface of Mars has not been observed.

Figure 12: This high-resolution color photo of the surface of Mars was taken by Viking Lander 2 at its
Utopia Planitia landing site on May 18, 1979. It shows a thin coating of water ice on the rocks and soil.
The time the frost appeared corresponds almost exactly with the buildup of frost one Martian year (23 Earth
months) ago. Then it remained on the surface for about 100 days. Scientists believe dust particles in the
atmosphere pick up bits of solid water. That combination is not heavy enough to settle to the ground. But
carbon dioxide, which makes up 95 percent of the Martian atmosphere, freezes and adheres to the particles
and they become heavy enough to sink. Warmed by the Sun, the surface evaporates the carbon dioxide and
returns it to the atmosphere, leaving behind the water and dust. The ice seen in this picture, like that which
formed one Martian year ago, is extremely thin, perhaps no more than one-thousandth of an inch thick (20).

Despite this evidence it is still counterintuitive that liquid water may exist on the
surface of Mars. The minimum requirements for the existence of liquid water in the
present Martian climate system are pressures and temperatures above the triple point, but
below the boiling point. The mean annual pressures and temperatures on the Martian
surface do not allow for liquid water to exist. However, pressures at the Viking Lander
sites were always above the triple point of liquid water, and surface temperatures on Mars
have been observed to rise above freezing in data returned from Pathfinder, Mars Global
Surveyor Orbiter, and Mars Odyssey. Thus it is expected that pressure and temperature
combinations exist on Mars that would allow liquid water. A map of such sites has
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revealed possible locations of recent liquid water activity or sites of possible transient
liquid formation at the present epoch (Figure 13).

Figure 13: Phase diagram of water.

In addition to temperature and pressure constraints, composition of the liquid
water determines stability. Brines, liquid water with dissolved solids, will depress the
freezing and melting points of liquid water, as well as reduce the equilibrium vapor
pressure of the solution. The production of brines within the Martian regolith is highly
likely since salts are believed to be a significant component of Martian soil (3). Thus, it
is inferred that liquid water can remain stable at temperatures and pressures far lower
than previously believed.
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Figure 14: Locations where liquid water could be possible by using the Viking Lander 2 surface pressure
profile and Viking Orbiter Infrared Thermal Mapper (IRTM) temperature variations combined with MGS
MOLA topography data. Purple areas were suitable for liquid water for 1% of the Martian orbit and red
areas for at least 20%, whereas the maximum, 34%, occurred in the southeastern portion of Utopia
Planitia(14)

Similarly, a seperate validated general circulation climate model indicates there
are regions on the Martian surface that are favorable for the existence of liquid water,
specifically the Amazonis, Chryse and Elysium Planitia, in the Hellas Basin, and the
Argyre Basin (6). However, the locations of these regions are correlated poorly with the
location of the aqueous like surface features discovered by the Mars Global Surveyor and
Mars Odyssey missions.
Present Study
I conducted simulation experiments in order to investigate the stability of water
under Martian conditions and its possible role in the subsequent formation of surface
features on Mars. The experiments focused on:
•

The existence, behavior, and stability of liquid water under Martian conditions

•

The affect of salts on the stability of liquid water under Martian conditions

•

The observation of the interaction of liquid water in a Martian soil simulant under
Martian conditions
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The Andromeda Planetary Environmental Chamber
The test bed for the experiments conducted was the Andromeda Planetary
Environmental Chamber, a planetary simulation chamber donated to the University of
Arkansas by the Jet Propulsion Laboratory. The Andromeda Planetary environmental
chamber is dedicated to the studies of dynamic processes on asteroids, comets and
planetary bodies. The facility includes a large (2’ diameter by 7’ tall cylinder)
environmental chamber. The chamber can be evacuated to <10-3 torr, and has facilities
for the introduction of custom atmospheric mixes, such as a CO2-dominated atmosphere
for Martian simulation. Several sub-systems of heating coils and cooling coils, using
either chilled water or dry ice/methanol slurry, allow the temperature of the entire
chamber to be altered and held between –180 to +100 °C. A high-powered Xe lamp,
with filters to simulate Martian atmosphere, provides the equivalent of solar illumination.

Figure 15: Central portion of the Andromeda
facility, showing the main vacuum chamber (right,
shrouded in white insulation) and the methanol
reservoir (left, also shrouded in white insulation).

Figure 16: Researcher making adjustments to
instrumentation on the lid of the Andromeda facility.
To the right are the atmosphere mixing reservoir and
gas cylinders.

For simulations, we use sample buckets up to 2’ in diameter and with a maximum
sample depth of 50 cm. These buckets can be modified to incorporate heat/cooling
elements for local temperature control, and contain ports for measurement of
environmental conditions and pore gas sampling at various depths within the sample.
Injection tubes have also been installed to introduce gas mixes within regolith simulants.
Buckets can be removed from the chamber for detailed study of experimental products.
Simulation experiments used JSC-1 Mars soil simulant. JSC-1 Mars soil stimulant is
Hawaiian volcanic tephra exhibiting the same particle size distribution and mineral
composition as Martian regolith.
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Figure 17: Sample bucket, modified for use in
asteroid regolith simulations. A wireless digital
camera and a light source are attached to the
rectangular bracket, gas sampling and inlet lines are
visible strapped to the right bracket arm, and the
depth sampling ports are at intervals on the side.

Figure 18:
The Andromeda Planetary
Environmental Chamber monitoring station. The
television is used to observe the interior of the
chamber during experimentation via a wireless
camera system and the computer is connected to a
spectrometer to monitor changes in surface
reflectance.

Temperature and pressure of the atmosphere in the chamber, and for places within
a sample, are routinely measured. Wireless X10.com cameras are attached to the sample
buckets, so that dynamic experiments can be monitored on a continuous basis and a fiberoptic-based visible/UV spectrometer (USB-2000, Ocean Optics) can be used to monitor
changes in surface reflectance over time.

Water Stability Experiments
For water stability experiments, Petri dishes with a diameter of ~14 cm were filled
with 25 grams of deionized water. The Petri dishes were then weighed using a digital
scale to the closest 0.05 gram. The Petri dishes were then placed inside the Andromeda
Chamber under Martian temperatures and evacuated to ~ 6 mbar (Martian surface
pressure) at a nonlinear rate. Five separate Petri dishes were placed under a temperature
range of 1.7°C – 3°C in one trial, and five separate Petri dishes were placed under a
temperature range of -6.2°C - 0°C in another trial. This was achieved in order to more
precisely determine the behavior of water at Martian temperatures. The internal pressure
of the Andromeda Chamber was maintained between 6.1 mbar and 7.9 mbar during both
experimental trials. During both experimental trial an atmosphere composed of CO2 was
continuously introduced into the chamber along with continuous pumping to relieve the
chamber of any build up water vapor. The chamber was illuminated using a xenon lamp
equipped with a UV filter for an approximate illumination of one Mars solar constant.
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Trial runs were 180 minutes in duration. The Petri dishes were reweighed at the
conclusion of each trial to determine water loss in g/cm2.

Brine Stability Experiments
The effect of salts on the behavior and stability of liquid water was observed
using 500 mL of deionized water placed inside a 1000 mL beaker. NaCl, which is
abundant in the Martian regolith (3), was then added, in 1 mol% - 4 mol% (seawater 3.7
mol%), to each separate beaker before its respective trial run. Trial runs of each beaker
were conducted separately. The beakers were then placed inside the Andromeda
Chamber under Martian temperatures and evacuated to ~ 6 mbar (Martian surface
pressure) at a nonlinear rate. The internal pressure of the Andromeda Chamber was
maintained between 6.1 mbar and 9.1mbar, and internal temperature was maintained
between -13°C - 2°C, during all experimental trials. Also, during all experimental trials
an atmosphere composed of CO2 was continuously introduced into the chamber along
with continuous pumping to relieve the chamber of any build up water vapor. The
chamber was illuminated using a xenon lamp equipped with a UV filter for an
approximate illumination of one solar constant. Trial runs were 20 hours in duration.
The beakers were reweighed at the conclusion of each trial to determine water loss in
g/cm2.
To analyze the effects of salts on evaporation rates, 500 mL of deionized water
was placed inside six 1000 mL beaker. The beakers were then separately placed inside
the Andromeda Chamber under the same conditions as the brine solutions. The beakers
were placed under Martian temperatures, and the chamber was evacuated to ~ 6 mbar
(Martian surface pressure) at a nonlinear rate. The internal pressure of the Andromeda
Chamber was maintained between 6.1 mbar and 9.1 mbar, and internal temperature was
maintained between -13°C - 2°C, during the experimental trial. Also, during the
experimental trial an atmosphere composed of CO2 was continuously introduced into the
chamber along with continuous pumping to relieve the chamber of any build up water
vapor. The chamber was illuminated using a xenon lamp equipped with a UV filter for
an approximate illumination of one solar constant. The trial run was 20 hours in
duration. The beakers were reweighed at the conclusion of the trial to determine water
loss in g/cm2.

Behavior of Water in a Martian Soil Simulant Experimentation
Experiments were conducted using JSC-1 Martian soil simulant, previously baked
in an oven at a temperature of 110º for 24 hours to remove any excess water. Mixtures of
1000 ml of JSC-1 soil stimulant and distilled water in volume fractions of 5%-50% water
content were produced and placed inside a dish such that relative depth was
approximately 3 inches. The volume content of water was increased in each successive
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mixture by intervals of 5%. Each of these mixtures was then placed in the Andromeda
Chamber, which was equipped with a solar simulator with UV filter attached, a
spectrometer, and a wireless camera system. The Andromeda Chamber was then pumped
down to a pressure of 6 mbar (Martian surface pressure) at a nonlinear rate. As the
chamber was in the vacuum process, spectra were recorded at pressures of 760 mbar, 100
mbar, and 6 mbar. Once a Martian pressure of 6mbar was achieved, the mixtures inside
the Andromeda Chamber were kept at this constant pressure for a time of 300 minutes.
The behavior of these mixtures was recorded through a wireless camera system
throughout experimentation. The end state of the mixtures was then recorded by use of a
digital camera. Analysis of the experiments conducted consisted of:
•
•

Spectroscopy
Visual analysis

Spectroscopy was utilized to determine the level of activity occurring on the surface of
the test bed, and visual analysis was utilized in order to visually document any features
formed on the surface of the test bed.

Results
Water Stability Experiments

Table 1: Trial Run 1: 1.7°C – 3°C
Sample

Water Loss

Evaporation Rate

25g

(g)

(g/cm2h)

1

3.124

0.0168

2

4.257

0.0229

3

3.897

0.0209

4

4.882

0.0261

5

2.925

0.0152

Mean

3.817

0.0204
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Observations:
Throughout the experimental process, it was observed that the water remained in
the liquid phase. It was also observed that no bubbling of the water took place while
under Martian conditions, thus affirming stability in regards to evaporation. However,
minor bubbling of the liquid water was seen as the chamber was pumped to Martian
surface pressure. At this point the rate at which the pumping took place was slowed, so
evaporation rates would not be greatly affected by the evacuation process.

Table 2: Trial Run 2: -6.2°C - 0°C
Sample

Water Loss

Evaporation Rate

25g

(g)

(g/cm2h)

1

1.861

0.0099

2

2.993

0.0161

3

2.633

0.0143

4

3.618

0.0194

5

1.661

0.0089

Mean

2.553

0.0137

Observations:
Crystals of ice were observed to form on the surface at a pressure of 6.8mb and a
temperature of -1˚C. These crystals quickly nucleated, leading to a complete freezing of
the surface. However, the surface layer of ice was very thin throughout the experimental
process. While the surface layer of ice was at all times reasonably clear, the surface
texture was irregular as a result of bubbles repeatedly being formed beneath the ice.

16
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Brine Stability Experiments

Table 3: Evaporation rates under Martian conditions for brine solutions of 500g
deionized water with 1%-4% by mole fraction NaCl added
Mole %

Water Loss

Evaporation Rate

(g)

(g/cm2h)

1%

107

0.0660

2%

92

0.0568

3%

78

0.0481

4%

63

0.0389

Observations:
Throughout the experimental process, it was observed that the water remained in
the liquid phase until temperatures reached below -7°C. As the brine solutions increased
in salinity the temperature at which the surface was seen to freeze decreased. It was also
observed that no bubbling of the water took place while in its liquid phase under Martian
conditions, thus affirming stability in regards to evaporation. At the conclusion of the
experimental process it was observed that the frozen surface was relatively thin compared
to the depth of the container and that water remained in its liquid phase underneath the
surface.
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Table 4: Evaporation rate of pure water under Martian conditions

Sample

Water Loss

Evaporation Rate

(500 g)

(g)

(g/cm2h)

1

128

0.079

2

123

0.076

3

115

0.071

4

118

0.073

5

123

0.076

6

115

0.071

Mean

121 + 5

0.074 + .003

Observations:
Crystals of ice were observed to form on the surface at a pressure of a temperature
of -2˚C. These crystals quickly nucleated, leading to a complete freezing of the surface.
However, the surface layer of ice was very thin throughout the experimental process.
While the surface layer of ice was at all times reasonably clear, the surface texture was
irregular as a result of bubbles repeatedly being formed beneath the ice. As the
temperatures dipped below -10 ˚C, the frozen surface layer was seen to increase in depth.
However, it was observed that liquid water remained below the surface at all times of
experimentation.

Behavior of Water in a Martian Soil Simulant Experiments
Visual analysis revealed the formation of surface features which appeared during
reduction of atmospheric pressure. Surface features on the scale of centimeters were
observed, notably geysers which appeared suddenly and decreased in activity over time.
The most prominent and abundant surface features were formed between water volume
percentages of 15% - 25%. Less prominent surface features were also formed in
mixtures with a water volume percentage of 30% and 35%. It was observed that mixtures
with either a very small amount of water, 5% and 10%, or a large amount, 40% - 50%,
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did not produce any observable surface features. At the end of the experiment, the
location of geysers was marked by small craters or depressions.

Figure 18: Experimental timeline or 20% water volume fraction mixture throughout the various stages of
experimentation: (from top left): mixture before placed in Martian environment, mixture in its initial stages
under Martian conditions, mixture during geyser formation process, after experimentation and mixture was
removed the location geyser formations were marked by small craters or depressions

Discussion
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The time during which liquid water can remain stable on the Martian surface is
not known. Though there have been many theories on the topic, it is an open debate on
the possibility that liquid water could exist for any lengths of time on Mars. Diurnal
temperatures can vary by greater than 100˚C, and the pressures at any location depend
upon elevation. In other words, although there have been various theoretical climate
models, much remains to be seen as to how the Martian climate actually functions.
The simulation experiments presented here on the stability of pure water under
Martian conditions, the affects of dissolved salts on water stability under Martian
conditions, and the interaction of liquid water in a Martian soil simulant under Martian
conditions are designed to elucidate the possibility that liquid water exists on the Martian
surface. However, these experiments are not designed to prove liquid water does exist on
Mars. Instead, they are designed to show that, under conditions which are observed on
the Martian surface, if water is present, then it is possible that it can exist in a liquid
phase.
The evaporation rates in the water stability experiments gave two average
evaporation rates, an evaporation rate for liquid water at temperatures slightly above 0˚C
of 0.0204 g/cm2h and an evaporation rate for liquid water slightly below 0˚C of 0.0137
g/cm2h. The first evaporation rate correlates to a 2.04g/h evaporation rate from a 100cm2
pool on the Martian surface. This indicates that if liquid water were present on the
surface, it would exist for hours, if not days at a time. The second evaporation rate,
which took place at lower temperatures, correlates to a 1.37g/h evaporation rate from a
100cm2 pool on the Martian surface. This evaporation rate infers that liquid water is
more stable at lower temperatures. However, the liquid water in this experimental trial
froze rather early in the experimental run. Thus it is incorrect to say that this number
represents an evaporation rate of liquid water. Instead, it is more likely that this number
represents an intermediary value of evaporation rates and sublimation rates of liquid
water. Nevertheless, the rate that is measured shows that water, no matter the form, is
very stable on the Martian surface under the conditions tested.
The simulation experiments presented here on the affects of dissolved salts on
water stability show the magnitude of the effect that this probable characteristic of
Martian water would have on its stability. Pure liquid water under the simulated Martian
conditions yielded an average evaporation rate of .074 g/cm2h. This correlates to an
evaporation rate of 7.4 g/h from a 100cm2 pool on the Martian surface. This number,
somewhat correlates to the previous evaporation rates, and differences are probably
caused by the longer duration under which the experiment took place. Also, the
temperature at which the liquid water was kept varied over a much greater span than the
previous experiment. The evaporation rates of salt solutions were 0.0660 g/cm2h for a
1% NaCl mole fraction, 0.0568 g/cm2h for a 2% NaCl mole fraction, 0.0481 g/cm2h for a
3% NaCl mole fraction, and 0.0389 g/cm2h for a 4% NaCl mole fraction. These rates
correlate to evaporation rates of 6.6 g/h, 5.68 g/h, 4.81g/h and 3.89g/h from a 100cm2
pool on the Martian surface under the simulated conditions. These rates when compared
to the evaporation rate of pure water under the same conditions highlight the drastic
effect that salts would have on the stability of liquid water on the Martian surface.
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The simulation experiments on the behavior of liquid water in a Martian soil
stimulant showed that if liquid water existed in small quantities at near surface levels,
then it is possible that it is a primary agent in the formation of surface features. It is also
observed that the intermediate water volume percentages that produced the most
numerous surface features are similar to those suggested for shallow regolith aquifers by
Mars Odyssey (1).
The experimental rates observed in the simulation experiments here compare
favorably to previous theoretical, empirical, and experimental results. If these
evaporation rates are normalized to a 100cm2 pool, the data compares as follows:

Experiment

Evaporation Rate
(g/h from a 100cm2 pool)

Pure Water above O˚C (1 hour)
Pure Water below O˚C (1 hour)
Pure Water (20 hours)
1% NaCl mole fraction
2% NaCl mole fraction
3% NaCl mole fraction
4% NaCl mole fraction
Ingersoll (Pure Water, 1970,
theoretical)(9)
Holman (Pure Water, 1990, theoretical)(8)
Hecht (Pure Water, 2002, empirical)(7)

2.04
1.37
7.40
6.60
5.68
4.81
3.89

Kuznetz and Gan
(Pure Water, 2002, experimental)(13)

8.00
4.00
5.50
2.30

Conclusion
The previous evaporation rates, as well as the evaporation rates presented here
show that if liquid water were present on the Martian surface in areas with conditions
similar to the conditions tested, then it could exist in a metastable phase. Liquid water,
while not being entirely stable, can exist on the Martian surface for prolonged periods of
time. Whether it does or not is still in question, because liquid water has not as of yet
been observed on the Martian surface. However, it seems as if the previous opinion that
liquid water does not exist on Mars has died. In its place, a new search has begun. The
science community is in the midst of a feverish search to the questions of where, when,
and how long is liquid water stable on the surface of Mars today.
The implications of this inquiry are fundamental in nature. If liquid water is
proven to be stable, then it is possible that life has or could exist on Mars. Also, the
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discovery of liquid water on Mars would affect future mission plans such as orbital
missions, robotic landers, sample return missions, and the inevitable human mission to
Mars. It is these future missions that will reveal the information needed to answer the
questions on the possibility of liquid water on Mars.
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